In most countries, surprisingly little is known on how national healthcare spending is distributed across diseases. Singledisease cost-of-illness studies cover only a few of the diseases affecting a population and in some cases lead to untenably large estimates. The objective of this study was to decompose healthcare spending in 2011, according to Swiss National Health Accounts, into 21 collectively exhaustive and mutually exclusive major disease categories. Diseases were classified following the Global Burden of Disease Study. We first assigned the expenditures directly mapping from National Health Accounts to the 21 diseases. The remaining expenditures were assigned based on diagnostic codes and clues contained in a variety of microdata sources. Expenditures were dominated by non-communicable diseases with a share of 79.4%. Cardiovascular diseases stood out with 15.6% of total spending, followed by musculoskeletal disorders (13.4%), and mental and substance use disorders (10.6%). Neoplasms (6.0% of the total) ranked only sixth, although they are the leading cause of premature death in Switzerland. These results may be useful for the design of health policies, as they illustrate how healthcare spending is influenced by the epidemiological transition and increasing life expectancy. They also provide a plausibility check for single cost-of-illness studies. Our study may serve as a starting point for further research on the drivers of the constant growth of healthcare spending.
Introduction
Although it is quite well known how healthcare spending is financed and what kind of services are bought, surprisingly little is known on how much is spent on each major disease.
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Policy interventions that aim at improving population health require a thorough understanding of the importance of single diseases and the evolution of disease-specific expenditures over time. Disease-specific expenditures are important because they are likely to change with changes in access to care, medical progress, and increasing life expectancy.
A growing number of cost-of-illness studies have assessed the costs of single diseases in a variety of countries [1] . These studies usually cover only a fraction of the diseases affecting a country's population, and they are often criticized for overestimating the true costs of diseases [2, 3] . This overestimation may be due to methodological difficulties in isolating the expenditures for a specific disease in patients affected by multiple conditions. It may also be the consequence of an overestimation bias when researchers highlight the economic impact of the disease under study.
The aim of the present study was to decompose total healthcare spending in Switzerland in 2011 by disease and by other reasons for healthcare use. We applied a general cost-of-illness approach [3] assigning National Health Accounts (NHA) healthcare expenditures to a collectively exhaustive and mutually exclusive set of diseases, thus avoiding double counting. NHA are published by the national statistical offices of many high-income countries and by the Swiss Federal Office of Statistics for Switzerland [4] . NHA assess the current level of healthcare expenditures and decompose them by type of financing source, financing regimen, service provider and service.
The System of Health Accounts 2011 that was coordinated by OECD, Eurostat and WHO suggests a comprehensive breakdown by disease [5] . A decomposition by diseases is, however, not part of the currently applied NHA standards. Nonetheless, healthcare expenditures have been partially decomposed by diseases for number of OECD countries including Australia, Canada, Korea, Japan and several European countries [6] [7] [8] . Furthermore, expenditures in numerous low-and middle-income countries have been decomposed by the diseases of their key areas' health burden, such as communicable diseases and conditions related to maternal and child health [9] . However, the most comprehensive efforts to decompose spending by diseases have been carried in the USA. While some studies have focused on decomposing US healthcare spending by diseases [10, 11] , others have focused on the impact on spending of potential drivers, such as changes in cost per treated case or changes in treated prevalence [12] [13] [14] [15] [16] [17] . To the best of our knowledge, the only study decomposing total spending by the same collectively exhaustive set of disease classifications was the study by Dieleman and coauthors [11] , which decomposed US personal healthcare spending (corresponding to 85% of the US's NHA) into 155 diseases.
Our study may be interesting for health economists and public health researchers for a number of reasons: first, we combine a top-down approach, based on the disease information already contained in NHA, with a bottom-up approach based on patient-level microdata from a variety of sources. We perform a more detailed attribution of outpatient spending than most previous studies. Our approach also differs to some extent from the one followed by Dieleman et al. [11] and may be applied to countries with less rich data on healthcare expenditures than the USA. Second, Swiss NHA are relatively complete and detailed in comparison with those of many other high-income countries [18] . Our study illustrates how this multidimensional measurement of healthcare expenditures can serve as a starting point for further enquiries into the drivers of healthcare spending. Third, our study illustrates how expenditures are allocated across diseases in a country with high healthcare spending, universal access to high-quality care and very little rationing. Switzerland has one of the most expensive and generous healthcare systems with universal coverage and virtually no waiting time [19] . Per capita spending for health in Switzerland is among the highest in the world (USD 9813 in 2015) and at a similar level as in the USA (USD 9892 in 2016) [20] .
1 Even the purchasing power adjusted level of spending in Switzerland is approximately 30% higher than in European countries with similar healthcare systems such as Germany or the Netherlands [20] . Life expectancy is one of the highest in the world [22] ; surveys report very high ratings of self-assessed health, and overall satisfaction with healthcare services is high [19] .
Data and methods
We decomposed 2011 Swiss NHA healthcare expenditures by 21 major diseases. We first defined a collectively exhaustive and mutually exclusive set of 21 diseases and 18 types of healthcare services and created a service-disease grid (described more thoroughly below) representing the overall envelope for the decomposition. Collectively, the cells of this grid aggregate to be 100% of NHA expenditures in Switzerland in 2011. Expenditures for each cell were estimated by either a top-down or a bottom-up approach. The top-down approach estimated expenditures based on the information already contained in the NHA. The bottom-up approach assigned expenditures that could not be assigned by the top-down approach based on the analysis of microdata on healthcare utilization. These microdata contained additional information on both the types of diseases affecting individual patients and on related spending.
Classification of diseases and healthcare services
The first step was the identification of meaningful and appropriate categories of diseases and healthcare services at a suitable degree of granularity. A higher degree of granularity in the decomposition would not only allow for determining the spending for major disease groups, such as cardiovascular diseases, but also would allow for more specific sub-diseases, such as ischemic heart disease. However, the details of the diagnostic information in the used data strongly limited the possible granularity of the decomposition. Only one data source included ICD-10 codes, and we had only limited access to patient-level data with partial diagnostic information such as health insurance claims data. We thus chose the maximum achievable degree of granularity under the constraints of the available data and the financial resources for this study.
We adapted the disease classification used in the Global Burden of Disease Study (GBD) 2010 [23] . This study comprises three hierarchical classification levels, with 3 disease groups at level 1, 21 disease groups at level 2, and 291 diseases and injuries at level 3. The use of the GBD classification has several advantages: first, it represents a mutually exclusive and collectively exhaustive classification of all diseases and injuries. Second, it is used by the GBDProject to assess the country-specific incidence and prevalence of diseases as well as their health burdens in terms of disability-adjusted life years (DALYs). The GBD classification thus allowed us to compare the healthcare spending for the treatment of diseases to the health burden in terms of DALYs of the same diseases. Third, the GBD classification was also used in a recent decomposition of US healthcare spending by disease [11] , and the use of the same system allowed a comparison of the results.
We employed a modified version of the GBD level 2 classification ( Table 1 ). The modifications included the addition of six disease categories within the non-communicable diseases and the combination of all communicable diseases into one category. We also added two additional categories for well care and prevention, which are not included in the GBD classification because they do not represent a disease burden. Well care includes pregnancy and birth without substantial complications and other non-disease treatments by healthcare providers such as family planning or non-reconstructive cosmetic procedures. Prevention includes health promotion and disease and injury prevention programs financed by public and private organizations. It also includes disease [24] have suggested separately reporting prevention spending in cost-of-illness studies. Table 1 gives an overview of the 21 diseases and other reasons for health service use categories used in this study. For simplicity, we will refer to them as diseases emphasized in italics in the remainder of this text. Healthcare services were classified using a slightly simplified version of the Swiss NHA from the type of service perspective (Table 2 ) [4] . 2 The original type of service classification consisted of six main categories with 29 sub-categories. We omitted the sub-categories within prevention and administration and merged expenditures for drugs provided by pharmacies and by physicians into one category. Table 2 illustrates the resulting collectively exhaustive and mutually exclusive classification of healthcare services with six main categories and 18 sub-categories.
The combination of 18 service categories and 21 disease categories resulted in a matrix of 378 service-disease cells. We pre-specified the row totals as the total spending for single healthcare services according to NHA, which constitute a constraint to the decomposition. The column totals per disease were calculated after the assignment of service-specific NHA expenditures to different diseases. They represent the main result of our study.
Assigning expenditures to service-disease cells
We used either a top-down or a bottom-up approach to estimate healthcare expenditures of each single service-disease cell. A number of cells were predefined as empty for certain diseases that should never require the use of certain healthcare services. Examples included prevention and well care, which should never require long-term nursing home care, or dental care, which should not be used for the treatment of cardiovascular or urogenital diseases.
Top-down cells
The top-down approach made use of the available information on disease-specific expenditures in the different dimensions of NHA. In the service-type dimension, the expenditures for psychotherapy and dental care were directly assigned to mental and substance use disorders and oral disorders. In the provider-type dimension, the expenditures for psychiatric hospitals were assigned to mental and substance use disorders and dementia. The Swiss funding mechanisms further allowed for assigning expenditures by accident insurance companies that cover all residents in paid jobs to injuries, and assigning expenditures by the mandatory disability insurance that covers healthcare expenditures due to congenital birth defects until the age of 20 years to congenital anomalies. All public health spending for prevention was assigned to the service-disease cell prevention-prevention.
Bottom-up cells
The bottom-up approach used administrative data, insurance claims data, household survey data and physicians' billing data to assign expenditures to the service-disease cells that could not be assigned by the top-down approach. We applied a hierarchical procedure based on the following principles:
1. Single service-disease cells were filled with information from a unique data source, except for the cells that could only partially be assigned with the top-down approach. 2. We started with the data of the highest quality and broadest coverage, and then gradually passed to less ideal data sources. For example, we used an inpatient episode registry instead of health insurance claims data to assign acute inpatient care expenditures to diseases, because the inpatient episode registry had a higher coverage and more accurate diagnostic information. Conversely, we then used health insurance claims data as the preferred data source when assigning expenditures for hospital outpatient services to diseases.
The following section gives an overview of the procedures that were followed in assigning expenditures to diseases (see appendix for more details).
Inpatient care
Expenditures for inpatients in acute care hospitals, psychiatric clinics, rehabilitation clinics and nursing homes were assigned based on their main ICD-10 diagnoses coded in the Medical Statistic of Hospitals (MS). The MS is a registry of inpatient episodes by the Swiss Federal Office of Statistics (FOS). It covers all inpatient stays uniquely identifying patients across multiple stays in different hospitals. The main diagnosis coded in the MS was particularly well suited for our analysis, as it corresponds to the diagnosis responsible for most of the resources used during an inpatient stay [25] .
We used the 2011 MS containing 1,363,697 inpatient stay records (98.3% reported a diagnosis).
The procedures used to assign expenditures to single diseases differed between inpatient care categories, because information on expenditures and diagnoses also differed between them.
Expenditures for acute care hospitals were assigned based on the main diagnosis and the AP-DRG 3 cost weights assigned to each hospital stay in the MS. These expenditures were calculated as a product of number of stays assigned to a disease and the corresponding AP-DRG cost weights in 2011 [26] . AP-DRG cost weights were missing for a relatively small number of stays (1.4%). Stays in psychiatric hospitals or psychotherapeutic wards of acute care hospitals were assigned the average AP-DRG cost weight of the other stays in these wards. We then upscaled single acute care disease cells to match the NHA total for inpatient acute care by distributing residual expenditures proportionally to previously assigned acute care expenditures. This upscaling covered expenditure for yet unassigned stays and hospital investment expenditures not included in the AP-DRG cost weights, as well as additional charges for patients with private supplementary health insurance. 4 The proportion of total NHA expenditures for inpatient care by psychiatric hospitals was calculated by subtracting the expenditures for outpatient services from the total expenditures for these hospitals. The resulting inpatient care expenditures for these hospitals were then assigned to mental and substance use disorders and dementia proportionally to the total number of treatments days with these diagnoses in the MS.
The coding quality of MS records of rehabilitation clinics was often poor or missing. However, many stays in these clinics were preceded by treatments in acute care hospitals (more than 61% in the preceding 3-week period). We thus used the diseases coded as a patient's main diagnosis in acute care hospitals to proportionally assign all rehabilitation clinic stays to disease groups. Expenditures for inpatient rehabilitation were calculated by multiplying the average daily expenditures for rehabilitation clinics with the total number of treatment days in each disease group.
As we found no data directly assessing the diagnoses leading to long-term care in nursing homes, we used the information included in the MS to assign these expenditures. We assessed the diagnoses of patients who were first referred to a nursing home after an inpatient stay in an acute care hospital. We did not assess the diagnoses of patients admitted to acute care from a nursing home, because these diagnoses might not be the cause of the first nursing home admission. As most patients in nursing homes were affected by multiple diseases, we identified the main diagnosis and the first two secondary diagnoses coded during the acute care episode before the first admission to the nursing home. All nursing home expenditures were then assigned proportionally to the number of diagnoses assigned to each of the 21 diseases.
Outpatient services and healthcare products
Expenditures for outpatient services and health products were assigned using a bottom-up approach based on microdata.
Attribution based on claims data Some part of national expenditures for outpatient physicians and hospital care could be assigned to single service-disease cells based on claims data provided by the Helsana health insurance group. With over a million insured individuals, Helsana was one of the largest providers of mandatory health insurance in Switzerland and held a market share of 14% in 2011. Pharmaceutical cost groups were used to identify seven noncommunicable diseases following the procedure described in Huber et al. [27] . The incremental expenditures associated with the identified diseases were estimated with a negative binomial regression with interaction terms. Total expenditures for each service-disease correspond to the product of incremental expenditures for a disease multiplied by its prevalence in the Helsana insurance population and then extrapolated to the overall population (see appendix for more details).
Attribution based on the Swiss Health Survey
The 2012 Swiss Health Survey (SHS) [28] allowed for assigning the expenditures for a number of outpatient service cells including outpatient physician visits, physiotherapy, outpatient nursing and other outpatient services. The SHS is a representative survey of the Swiss population aged 15 years and older living in private households. It assesses the service utilization of respondents with questions about the number of consultations of different healthcare providers in the previous 12 months. Respondents also reported on the diseases affecting them. We calculated disease-specific spending by combining the information on service use and diseases affecting the respondents (see appendix for more details).
Attribution-based market research data We used market research data provided by IMS Health to assign the drug expenditures for a number of diseases. IMS Health provided contributions of these diseases to overall drug spending, based on information from pharmacies, physicians, drugstores and hospitals in 2011. Diseases were classified according to Anatomical Therapeutic Chemical Classification (ATC) codes that map drugs to different disease groups. Due to budget restrictions, we could obtain these drug expenditure data just for ten diseases (see appendix for more details).
Attribution based on Medical Statistic of Hospitals
The MS holds information on whether a patient was admitted to inpatient care by ambulance. We used this information to assess the number of inpatient stays with ambulance admission in the 21 major disease categories. Overall spending for transport and rescue was then assigned to disease categories proportionally to the number of ambulance admissions.
Attribution based on physicians' billing data The NewIndex physicians' billing database allowed us to assign expenditures to a number of additional service-disease cells. The database holds information on services and products, including drugs and laboratory tests, which were prescribed and provided in outpatient physician practices.
Expenditures could be mapped to diseases based on three types of information shown on physicians' invoices. (1) The physicians' specialization: expenditures related to a consultation with an oncologist were, for example, assigned to neoplasms. (2) The type of insurance: expenditures covered by accident insurance related, for example, to injuries. (3) The Tessiner Code: a minimalist disease classification based on relatively broad diagnostic categories (such as diabetes) and localizations of the body parts affected (such as spine).
Attribution to remaining service-disease cells At this point of our procedure, a number of service-disease cells were still empty. Some of these cells were left empty while the remainder could be assigned to some of the yet unassigned spending.
Cells could be left empty for the following three reasons: (1) The service-disease cell was empty by definition, such as inpatient rehabilitation for the disease category prevention or the service dental care for dementia; (2) the row total of a service category had already been assigned to other disease cells in this row, and this was the case for other long-term care expenditures assigned entirely to five diseases; (3) there was a lack of diagnostic information in the microdata used for outpatient service attribution, such as for nutritional deficiencies and for cirrhosis or for the healthcare service category of radiology.
Regarding the service-disease cells that were assigned as part of the not yet assigned expenditures, we proceeded as follows: (1) missing expenditures for outpatient physicians' service-disease cells were assigned in proportion to the share of inpatient acute care expenditures for these diseases; (2) missing expenditures for other outpatient service-disease cells were assigned in proportion to outpatient physician services; (3) the administrative expenditures of health insurance companies were distributed in proportion to the total inpatient and outpatient cost already assigned to a disease.
Results
We decomposed overall Swiss healthcare expenditures by disease, with similar results so far available only for the USA [11] . The decomposition made use of diagnostic codes and clues contained in a multitude of data sources on healthcare expenditure and service use in Switzerland. We were able to assign the majority of spending to diseases.
Expenditures attributed with top-down and bottom-up approaches
The Swiss NHA reported healthcare spending of 64.6 bn Swiss francs (CHF) 5 in 2011. Table 3 illustrates the assignment of these expenditures to the predefined 378-cell service-disease grid. A total of 75 cells were predefined as empty because the type of healthcare service did not fit with the type of disease. The top-down approach allowed for assigning 15 
.4% of total spending to 23 service-disease cells (mainly for mental and substance use disorders, congenital birth defects, injuries, and oral diseases).
The bottom-up approach assigned 75.2% of total spending to 170 service-disease cells based on the different data sources used:
• 38.6% based on MS hospital registry data (79 servicedisease cells for different types of inpatient care and ambulance services), • 14.0% based on Helsana health insurance claims data (14 cells for physician and hospital services for selected non-communicable diseases), • 7.9% based on IMS market research data (13 cells for drugs), • 5.5% based on Swiss Health Survey data (14 cells, mainly for outpatient service categories other than physicians and hospital services), • 5.2% based on NewIndex physicians' billing data (31 cells, mainly physician services not assigned with Helsana data, drugs not assigned with IMS data and laboratory analysis across all disease categories).
• 4.0% based on the main type of disability affecting the patients living in other long-term care institutions (4 cells). The remaining 15 cells for other long-term care remained empty.
At this stage of the procedure, 9.4% of total spending remained to be assigned. 5.5% was attributed to 98 empty service-disease cells mainly regarding outpatient physician services, radiology and medical devices. The remaining 4.0% of spending comprised 18 health insurance administration cells, which were assigned proportionally to health service spending for diseases.
Decomposition of expenditures by disease
The main result of our study is the decomposition of the 2011 NHA expenditures by 21 major diseases. Table 4 presents these results in the 378 cell service-disease grid. The first three rows of the table show the total spending for each disease category in Swiss francs (CHF), the contribution of the disease to overall spending and the ranking of the diseases by share of expenditures. Figure 1 gives a visual overview of the relative contribution of diseases and disease groups to overall spending. The main results are summarized as follows:
• Expenditures were dominated by non-communicable diseases (79.4%), followed by injuries (8.1%), communicable, maternal and nutritional diseases (6.4%), prevention (4.0%), and well care (2.4%).
• Cardiovascular diseases stood out as the most expensive disease category (15.6% of total spending), followed by musculoskeletal disorders (13.4%), mental and substance use disorders (10.6%), injuries (8.1%), and urogenital, blood and endocrine diseases (6.8%).
• Surprisingly, neoplasms ranked only sixth among the diseases with the highest expenditures although neoplasms were a leading cause of premature death in Switzerland with 35.2% of years of life lost due to premature death in 2010 [29] .
• Prevention and well care, the two healthcare expenditure categories not related to the treatment of diseases, were responsible for 6.6% of spending (4.0% for prevention and 2.4% for well care).
• Six diseases accounted for less than 2.0% of healthcare spending. Surprisingly, they also included dementia (1.7% of total spending) and diabetes (1.5% of total), two chronic non-communicable diseases that are often referred to as important drivers for increasing healthcare spending [30] [31] [32] .
The relative importance of various service categories differed considerably between diseases (Fig. 2) . The proportion 
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Laboratory analysis g g x g g g x g g x g g g g a g g g ag g g of inpatient care ranged from 0.0% in oral disorders to 84.4% in maternal and neonatal disorders. Among the highexpenditure disease groups, the proportion of inpatient care was particularly high for injuries (70.8%), neoplasms (63.8%) and mental disorders (59.3%). Outpatient care was particularly important in the treatment of oral disorders (99.1%), diabetes (57.1%), well care (52.2%), skin diseases (51.9%), and sense organ diseases (50.8%). The diseases with the highest proportion of outpatient drug and medical device expenditures were communicable diseases (23.9%), chronic respiratory diseases (27.2%), sense organ diseases (26.4%), skin diseases (23.3%) and diabetes (20.2%).
We also assessed the correlation between disease and service-specific healthcare expenditures and the two dimensions of the health burden of diseases: years lived with disability (YLD) and years of life lost due to premature mortality (YLL). Both YLDs and YLLs for Switzerland in the year 2010 were available from the GBD Study [23] . The correlation between spending and burden of disease was substantially stronger with YLDs (coefficient of 0.591) than with YLLs (coefficient of 0.404). The strongest correlation was between spending and DALYs, which equate to the sum of YLDs and YLLs (coefficient of 0.747).
Discussion
Our study is the first to decompose Swiss healthcare spending by major disease. We thus added a fifth dimension to Swiss NHA in addition to the four dimensions already provided by the FOS [4] (financing agent, financing regimen, type of service providers and type of service). The results showed that non-communicable diseases dominated healthcare spending in 2011 accounting for 79.4% of total spending. The five most costly non-communicable major diseases (cardiovascular, musculoskeletal, mental, urogenital and hematological, oral) accounted for over 50% of spending. Chronic diseases, such as musculoskeletal and mental disorders, turned out to be more important drivers of healthcare spending than diseases associated with premature mortality such as neoplasms.
The methodological approach combined a top-down and a bottom-up approach, which allowed for assigning the majority of service-specific expenditures to different disease categories. The accuracy of the assignment varied between service categories and largely depended on the availability of high-quality data. Diseases were identified by diagnostic codes of treatment episodes (e.g., ICD-10 codes in hospital registry data), by the type and specialization of service providers (e.g., psychiatric hospitals, dentist, oncologist, rheumatologist), and by the approved indications of drugs. In addition, attribution of spending to diseases was facilitated by two cause-specific social insurance schemes allowing for identifying spending for injuries (accident insurance) and congenital diseases (disability insurance) in NHA.
We are rather confident about the accuracy of our expenditure attribution for service-disease cells with high-quality information for disease identification. This confidence applies to most inpatient care cells and to outpatient-care cells representing high prevalence disease categories and major healthcare service categories. However, accuracy is poorer for low prevalence diseases and less central healthcare service categories, such as laboratory tests. Due to a lack of data, cirrhosis, nutritional deficiencies, physiotherapy, outpatient nursing and radiology cells had to be filled according to the cells' relative importance at the level of expenditures for outpatient physician services. The impact on the overall accuracy of the expenditure mapping of diseases is nonetheless limited, as the subsequent assigned spending represented only 5.5% of total spending.
Our results can be interpreted as the direct expenditures for the treatment of a disease. The expenditures for the treatment of the comorbidities affecting a patient are thus only partially included in the expenditures for the primary disease. This is particularly true for expenditures assigned based on the type of financing regimen, the type of service, the specialization of the physician, or the ATC-code (for drug expenditures), as the underlying data sources allow for a precise separation of spending by disease. However, it is likely that some spending on comorbidities was also included in the inpatient acute care expenditures assigned to specific diseases, although the main diagnosis assigning expenditures to diseases was the diagnosis responsible for most of the costs. Spending on some comorbidities may also be included in the expenditures assigned with regression models, as these models could not control for all possible comorbidities.
Furthermore, the expenditures for the direct treatment of a disease differ from all the expenditures triggered by a disease. The case of diabetes may be useful in illustrating this point, as diabetes is an important risk factor for cardiovascular diseases, sense organ diseases and many other diseases. From an etiological perspective the expenditures for diabetes are likely to be much higher than our observed 1.5% of total healthcare expenditures, as a substantial part of the diseases induced by diabetes would be reallocated to diabetes. The case of osteoporosis (a musculoskeletal disorder) and falls (an injury) may further illustrate this point. Falls by elderly patients affected by osteoporosis often require intensive inpatient treatment. The corresponding healthcare spending would appear among the injuries in our classification, while they would be assigned at least partially to musculoskeletal disorders from an etiological perspective.
Our results are in line with the decomposition of US personal healthcare spending in Dieleman et al. [11] and in Roehrig et al. [10] . The ranking and scale of spending for major diseases determined in these studies are similar to our results for Switzerland. Conversely, our results diverge somewhat from those of Dunn and coauthors [15, 16] , based on the Health Care Satellite Account developed by the US Bureau of Economic Analysis. These differences are in part due to differences in the disease classification. The second most important spending category in Dunn et al. [15] is for example "Routine care, signs and symptoms" (12.4% of spending), which does not appear in the GBD classification applied Dieleman et al. [11] and our study. A comparison with the results of Heijink and coauthors [6] for Australia, Canada, France, Germany and the Netherlands and with more recent findings for a number of OECD countries [8] shows larger differences with our results. However, these differences may be largely attributable to the methodological limits of the spending decompositions for these countries, such as the allocation of only a part of total spending to diseases [6] .
The results of our study may be useful to researchers and health policy makers in several ways: first, better knowledge of the distribution of overall healthcare spending across diseases may contribute to more efficient priority setting for health policies and budgetary planning. If life expectancy is continuing to increase and medical progress transforms more lethal diseases into chronic ones, then spending for high prevalence chronic diseases is expected to grow disproportionally. Second, the results provide an overall reference for single cost-of-illness studies. This reference may be useful to verify the plausibility of single cost-of-illness studies, and thus helps to prevent misallocations of resources because of the risk of overestimation and double counting in single cost-of-illness studies [2] . Third, our study illustrates how healthcare spending can be assigned to single diseases when no diagnostic information is available. This may be useful for the decomposition of healthcare spending in countries with limited diagnostic information in expenditure or service use data. Fourth, our results may serve as an input for studies assessing the healthcare costs attributable to behavioral or environmental risk factors such as smoking or air pollution. Such studies typically assess the fractions of disease prevalence or incidence attributable to a risk factor of interest. These attributable fractions are then multiplied with the healthcare spending for single diseases to calculate the spending attributable to the risk factor.
Our study has a number of limitations. First, our analytical options were restricted by the limited access to health insurance claims data. Broader access to such data would have allowed for a substantially better attribution of expenditures to service-disease cells related to minor outpatient services and relatively low disease prevalence. However, these restrictions were mainly due to limited resources available and could be overcome in future estimations. Second, due to a lack of suitable data, the expenditures related to a number of service-disease cells had to be attributed proportionally to previously assigned cells. However, the consequences on overall results are likely to be limited as only 5.5% of the total spending was assigned proportionally. Third, the accuracy of the attribution of expenditures differs substantially between disease and service categories. While accuracy is higher for inpatient acute care and outpatient physician and hospital services, it is lower for long-term inpatient care and minor outpatient services. Thus, there is much room for the use of better data and the development of improved methods for the cost attribution. Fourth, with our approach, the granularity of the decomposition is often limited to a decomposition by main disease groups. The expenditures for the disease category neoplasms can, for example, not be decomposed by different types of neoplasms based on the physicians' specialization or types of drugs, as oncologists may treat patients affected by different types of neoplasms and many drugs are used to treat different forms of neoplasms. More detailed diagnostic coding would thus be required for decomposition with higher granularity.
Further research may include the decomposition of disease-specific spending by age, gender and type of payer. Better access to health insurance claims data may also allow for higher granularity in disease decomposition, particularly for the high-expenditure cardiovascular diseases, musculoskeletal disorders and mental and substance use disorders. Our study may also serve as a starting point for further research into the drivers of the constant growth of healthcare spending. To this end, disease-specific spending must be assessed in different years. The changes in spending over time could then be decomposed into changes in the age structure and size of the population, in the prevalence of diseases, in the access-to-care restrictions, in the intensity and type of care, and in the prices of healthcare services and products.
